Introduction
A carbene is a divalent carbon atom linked to two other groups by covalent bonds, and possesses two unshared valence electrons. These electrons can be paired in the same orbital as anti-parallel spins (singlet) represented as σ2 or pπ2 in different orbitals, or as parallel spins (triplet) represented as σ1 pπ1. (Droge and Glorius, 2010) . N-Heterocyclic carbenes (NHCs) are singlet carbenes in which the E substituents are nitrogen atoms; these carbenes are neutral 2-electron donors, with an ability to bond to both hard and soft metals, making them versatile ligands (Weskamp et al., 1999; Herrmann, 2002) .
NHCs are easy to synthesize and functionalize since they form a stronger bond to metals and therefore form more stable metal complexes. The reactivity of a carbene is influenced by the nature of the substituents attached to the carbene carbon atom (Bourissou et al., 2000) . The N-heterocyclic carbene (NHC) metal complexes possess diverse biological activities and a few of them have been reported as potential chemotherapeutic agents (Hindi et al., 2009; Teyssot et al., 2009; Gautier and (Hickey et al., 2008a; Rubbiani et al., 2011) . The anti-mitochondrial properties of cationic, linear Au(I) N-heterocyclic carbene complexes have also been reported in another study (Baker et al., 2006) . Even though the gold N-heterocyclic carbene complexes have been shown to have great commercial value for medical applications, there is often a lack of relevant safety and toxicology data. Recently, nanoparticles have been emerging as promising agents for cancer therapy and are being investigated as contrast agents, drug carriers, radiosensitizers (Islamian et al., 2015) . Daduang et al., (Daduang et al., 2015) proposed that gold nanoparticles have the potential to be used as phytochemical delivery agents for alternative cancer treatment to reduce the side effects of radiotherapy and chemotherapy. In another study (Selim and Hendi, 2012 ) the gold nanoparticles have been shown to upregulate the mRNA expression of p53, bax, caspase-3 & caspase-9, whereas expression of antiapoptotic bcl-2 was downregulated in human breast epithelial MCF-7 cells.
We have previously reported the synthesis of nanofiber composite bis(imino)acenaphthene (BIAN) NHC gold carbene complexes and their antimicrobial and antifungal activities (Butorac et al., 2011; Elzatahry et al., 2012) . The objective of this study was to test the cytotoxicity of these newly synthesized BIAN N-heterocyclic gold carbene complexes in vitro in two types of human cancer cells, namely, breast cancer (MCF7) and liver cancer (HepG2) cells. The cytotoxicity was also tested in normal human cells (human embryonic kidney cells HEK 293) to evaluate whether they are toxic to all cells or induce toxicity only in cancer cells. For this purpose a human cell line which is derived from normal was used.
Materials and Methods

Synthesis of BIAN NHC gold complexes
The BIAN NHC gold complexes [IPr(BIAN)AuCl] and [IPr(BIAN)AuOAc] were synthesized as reported previously (Vasudevan et al., 2010; Butorac et al., 2011) 
Cell culture and cell viability assay
The HepG2, MCF7 and HEK293 cells were obtained from ATCC and cultured following standard cell culture procedures. Briefly, ~5 x103 cells were seeded in each well of a 12-well cell culture plate in high glucose Dulbecco's Modified Eagle Medium (DMEM: Life technologies cat # 11995073) supplemented with 10% Fetal bovine serum (FBS: Life technologies cat # 16000044) in a humidified incubator with 5% CO2 at 37°C for 24 hours The various indicated concentrations of the compounds were added to wells in triplicate and the cells were cultured with these compounds for further 24 hours. Cell viability was determined using a MTT cell viability assay as described previously (Farooq et al., 2014) 
Measurement of glutathione (GSH) level in cancer cells
The changes in the GSH levels in the exposed cells were determined using a commercially available kit (Glutathione Assay Kit, Catalogue Number CS0260; Sigma-Aldrich 3050 Spruce Street, St Louis Mo 63103 USA). In order to check the total glutathione level in the cells, the cells were exposed to the gold carbene NHC complexes for 24 hours. Following exposure, cells (both treated and control) were rinsed three times in PBS. The cells were then homogenized in a cold assay buffer (100 mM potassium phosphate buffer, pH 7.0, with 1 mM EDTA). The resulting homogenate was centrifuged at 10,000 rpm for 15 min at 4 ºC, and the supernatant was collected and deprotonated by treatment with 5% 5-Sulphosalicylic Acid. The total glutathione level was then measured by reading the samples in a plate reader.
-All data are expressed as mean ± S.D, using the values obtained from three independent experiments. Statistical analysis was performed by one-way analysis of variance (ANOVA) using Origin v6.1052 (Origin Lab Corporation, Northampton MA USA). Unless stated otherwise, the chosen level of statistical significance was p < 0.05.
Results
Testing in vitro toxicity of BIAN N-Heterocyclic gold carbene in human cancer cells
The chemical structure and synthesis scheme of the newly synthesized nanofiber composite BIAN N-Heterocyclic gold carbene complexes is given in Figure 1 . In order to evaluate the in vitro cytotoxicity or anti-cancer profile of these two compounds, two types of human cancer cells, namely liver carcinoma (HepG2) and breast carcinoma (MCF7), were tested, along with one type of normal cells i.e. human embryonic kidney cells (HEK293). A pronounced activity (IC50 values in the very low micro molar range) was observed for both of the gold carbene complexes in the tumour cell lines. The gold acetate complex [IPr(BIAN)AuOAc] turned out to be more cytotoxic than the corresponding gold chloride complex [IPr(BIAN)AuCl]. As presented in Table 1 , the IC50 values for the gold acetate compounds were 0.971 ±0.100 and 0.455±0.016 µM for breast cancer and liver cancer cells, respectively. On the other hand, the IC50 values exceeded 1µM in the case of the gold chloride complex for both cell types (Table 1 ). The cytotoxicity of BIAN N-Heterocyclic gold carbine complexes was also much higher than the reference compound 5-flourouracil (5FU). The IC50 values for 5-FU were 32.1572 ± 2.168 and 35.456 ± 2.98 µM in breast cancer and liver cancer cells, respectively, which is much higher than either of the BIAN N-Heterocyclic gold carbene complexes.
The BIAN N-Heterocyclic gold carbene complexes also turned out to be highly selective in exerting their toxicity in cancer cells. When tested in normal embryonic kidney cells, the IC50 values were much higher than for cancer cells. The gold acetate complex was again more toxic than gold chloride complex, with IC50 values in HEK 293 cells of 9.34 ± 1.033 µM compared to 32.544 ± 0.051µM for the gold chloride compound.
The nanofiber composite containing IBAN Nheterocyclic gold complexes induced cytotoxicity via elevating the oxidative stress Most of nanoparticles have been reported to exert cytotoxicity and apoptosis via raising the oxidative stress in exposed cells. The final phase of the work is based on the question of whether the cytotoxicity observed with the N-heterocyclic gold carbene complexes in human cells line is also due to the introduction of oxidative stress. In order to check the ROS levels in the treated cells, the total glutathione levels were measured by means of spectrophotometric assays. A depletion of glutathione was detected in the MCF7 and HepG2 cells for both of these compounds. As might be anticipated, the gold acetate complex was found to be more potent than the corresponding gold chloride complex in terms of the induction of oxidative stress. The gold acetate carbene complex reduced almost 70% of the glutathione level in MCF7 and HepG2 cells, while a 62% depletion in the glutathione level was observed in the case of the gold chloride complex (Figure 1) . A depletion of glutathione was also evident in the HEK 293 cells, but this was insignificant compared with the values that were observed for the MCF7 and HepG2 cells. These results indicate that elevating of oxidative stress via depleting the glutathione in exposed cells could be one of possible mechanism by which the gold carbene complexes induced cell death in cancer cells in this study.
Discussion
Several anticancer drugs have significant limitations such as neurotoxicity, nephrotoxicity, and the development of resistance in some cancer cells (Berners-Price, 2011; Nardon et al., 2014) . In order to overcome these limitations, a variety of different metal containing complexes are currently being studied as potential anticancer agents. Among such compounds, the metal N-heterocyclic carbene (NHC) complexes are beginning to attract significant attention on account of their efficient drug design (Liu and Gust, 2013a) Of the various metal NHC complexes that have been prepared thus far, the silver and gold NHC complexes show considerable promise as anti-microbial and anticancer agents (Melaiye et al., 2004; Hickey et al., 2008b; Ozdemir et al., 2010; Elzatahry et al., 2012) .
At the present time, while there is no publication that addresses the biological activities of BIAN N-heterocyclic gold carbene complexes in cancer cells, the antiproliferative activities of ruthenium (II) N-heterocyclic carbene complexes have been reported for MCF7 and HT-29 cells, with IC50 values ranging from 2-50 µM. (Oehninger et al., 2013) . Overall, the compounds that are reported in the present work are particularly active in terms of inducing cytotoxicity at very low IC50 values in vitro for both human cancer cell lines. Recent studies have revealed that changes in the intracellular surroundings of the cells, such as alterations to the redox environment, serve as important regulators for the progression to apoptosis (Pervaiz and Clement, 2002; Franco and Cidlowski, 2009 ). The induction of reactive oxygen species (ROS) is a common mechanism of cell death by nanoparticles in exposed cells. (Alfaro et al., 2010; Tedesco et al., 2010; Manke et al., 2013; Oehninger et al., 2013; Mateo et al., 2014) . In agreement with these studies we also have found a significant elevation of oxidative stress in exposed human cancer cell line (HepG2 and MCF7) and elevation of oxidative stress could possibly be the one of mechanism through which these compounds induced cytotoxicity in cancer cell lines.
In conclusion, Overall the cytotoxicity profile of novel BIAN N-Heterocyclic gold carbene complexes in three human cell line has been reported. The cell viability data in human cells has shown that cancer cells (breast cancer and liver cancer) were more vulnerable to cell death compared to normal cells under the exposure of BIAN N-Heterocyclic gold carbene complexes and hence warrants further investigation to find out the molecular targets in cancer cells in order to evaluate the pharmaceutical application of these compounds as anticancer drugs. 
